ABSTRACT -The genetic diversity was analyzed among spotted paca (Agouti paca) from three commercial flocks located in Brazil. As the genome of this species is unknown, the RAPD-PCR technique was used. Ten primers generated sixty polymorphic bands. The among and within population genetic variability estimated by analysis of molecular variance (AMOVA) was 12.55 and 87.45%, respectively. The shortest Nei distance value was 11.76% among the Carangola (CG) and São Francisco do Glória (SF) populations. This value can be explained by the exchange of reproduction males and females between the two geographically close breeding sites. The analysis of principal components showed well defined and structured groups aggregating animals according their population of origin, with some exceptions. Lower diversity was found in the São Francisco population than in the Carangola and Castelo (CS) populations. This result suggested the variability is better conserved in breeding farms with fifty or sixty animals (CG and CS) than in the breeding farm with a dozen animals (SF). The RADP-PCR technique proved to be informative for the quantification of among and within population genetic variability of the spotted paca. The phenogram generated by UPGMA using the NTSYS-PC software from the Nei Distance, grouped CG and SF on a single branch connected to the CS, with 76 and 100% accuracy, respectively, to the bootstrap. This result was not only consistent with the historical and geographical information on flocks, but also shows the need for periodic reproductive male replacement. Future studies should be developed with co-dominant markers and include spotted paca from more distant places. 
Introduction
Wild animal breeding is an activity that requires little capital to be started, allows the use of marginal farm areas, generates products with high aggregated value and has low environmental impact. The products may supply both national and foreign markets using legal animals, thus lowering illegal hunting or animal traffic (Smythe & Brown de Guanti, 1995; Nogueira filho & Nogueira, 2000) . Wild animal meat is rich in proteins and has a low caloric value (Paleari et al., 2003; Oda et al., 2004) . The availability of bred wild animals allows the development of scientific research and the growth of the population at risk of extinction (Machado et al., 2007a, b) .
Brazilian native wild animal breeding is permitted by Brazilian law in protection of wild animals (Brasil, 1967) . Indications from IBAMA (Brazilian institute for environment and renewable natural resources) regulate the handling and ownership of wild animals in the country (IBAMA, 1977a,b; IBAMA, 2008a,b) . The IBAMA regulations of 1997 for commercial breeding and commercialization increased the number of commercial breeding farms of wild animals with zootechnic potential (Machado et al., 2007 b) . Until 2001 (last available census) in Brazil, there were: 2 scientific spotted paca breeding farms; 26 commercial ones and 5 conservationist ones (IBAMA, 2006a, b, c) .
Spotted paca is hunted for its agreeable taste and because it damages fields (Deutsch & Puglia, 1988) . Its meat is the most preferred in the restaurants of the city of Manaus (Moreira & Mac Donald, 1997) and its breeding in captivity serves to form stocks of animals to meet the market demand (Nogueira Filho & Nogueira, 1999) .
One of the problems found in small populations, both bred and natural, is the preservation of genetic variety. Endogamy and genetic drift affect characteristics associated to natural adaptation, such as fecundity and viability (Lande, 1988; Nicholas, 1999; Bowland et al., 2001) .
RAPD-PCR (Random Amplified Polymorphic DNA PCR) can help to know the diversity and the genetic correlations; previous knowledge of the genetic sequence of the studied species is not needed, only a small amount of DNA is required for analysis and it is efficient and cheap (Welsh & Mc Clelland, 1990; Williams et al., 1990; Hadrys et al., 1992) .
The objectives of this study were to study the genetic diversity among spotted paca populations bred in captivity and to identify the first molecular markers for this species.
Material and Methods
A total of 81 animals was analyzed, chosen randomly (males, females, adults, young adults and juveniles) from three breeding farms in southeastern Brazil, in the states of Minas Gerais and Espirito Santo. In Minas Gerais, 13 animals were from a breeding farm in São Francisco da Gloria (SF) and 38 from Carangola (CG). In Espirito Santo, specimens were collected from 30 animals from a breeding farm in Castelo (CS). The first breeding farm (SF) was very small and the 13 animals analyzed were all the animals present; in the others at least 30 specimens were analyzed, representing 50 to 60% of the animals of the breeding farms.
Together with each collected sample, we recorded information such as the number of the sample among all the specimens and among those taken on that breeding farm; name of the breeding farm; city; box number; collector and date. As spotted paca are, even when bred, wild animals, we tried to develop the least stressful way to collect biological samples, reducing the stress of capture, containment and the operating time. We collected hairs (fur) from the back and hip of the animals, using surgical forceps. The collection of fur as biologic material to extract DNA is practical and economical, as hairs do not need any reagent or low storage temperatures.
The hairs were stored in properly identified paper bags with the name of the breeder and the animal identification number. The protocols for the DNA extraction, quantification and amplification were based on similar ones already used in our laboratory and described in the literature (Sambrock et al., 1989; Lima et al., 1998) .
The extracted DNA was quantified by spectrophotometry (Gene Quant II RNA/DNA Calculator Pharmacia Biotec) and later diluted to the concentration of 50 nanograms/ microliter (hg/mL) and stored at +4°C. To set up the protocols of the RAPD-PCR reactions, several tests were performed using different concentrations of DNA or Magnesium Chloride (MgCl2) and different annealing temperatures, until well defined and reproductable bands were obtained. Twenty-four random primers were tested, produced by Operon Technologies (http://www.operon.com) to select those, which produced the highest number of best quality bands.
The PCR reactions were processed using a total volume of 13 μL (4.5 μL of H 2 O); 1.3 μL 10 x buffer (150 μL bidistilled water, 250 μL 1 molar KCl, 100 μL 1 molar Tris HCl pH 8.3, totaling 500 μL); 1.3 μL primer (3 uM); 0,52 μL MgCl2 (50 mM), 1.04 μL dNTPs (2.5 mM), 1.04 μL BSA (10 mg/mL) and 0.3 μL Taq DNA polymerase (5 U/μL) and 3 μL DNA 10 ηg/μL. The following primers were used, identified as: OPA11, OPA16, OPB09, OPB11, OPB18, OPK20, OPN02, OPN20, OPS01 and OPS18 according to the following protocol: 3 minutes at 94 °C for denaturation; 40 cycles of 94 °C for 1 minute; 38 °C for 1 minute for the annealing; 72 °C for 1 minute for the extension and, after 40 cycles, 10 minutes at 72 °C for the final extension. The amplified products were separated by electrophoresis in 10% polyacrilamide gel at 250 Volts. A molecular weight marker (1 Kb DNA ladder, Invitrogen Inc. CA) was used. Gel was developed by precipitation in silver nitrate gel. Polymorphic DNA bands were codified as 1 (presence) and 0 (absence) and organized as a binary matrix.
AMOVA (analysis of molecular variance) was to analyze the genetic structure, using the Arlequim v. 2 program that uses an AMOVA adaptation for dominants data, such as RAPD (Stewart Jr & Excoffier, 1996; Schneider at al., 2000) . The TFPGA v. 1.3 -Tools for population genetic analysis (Miller, 1997) was used for further among and within population analyses.
In the principal components analysis (PCA) the Jaccard similarity coefficent was used, suitable to the presence or absence of dominant markers, such as RAPD. The Nei genetic distance (1973) was used to construct the phenogram among the breeding farms, because it is indicated to study variability among geographically close populations that may have some degree of consanguinity (Weir, 1996) . The UPGMA (Unweighted Pair Group Method With Arithmetric Mean, Sneath & Sokal, 1973) was chosen to construct the dendrogram, as this method can be used with the most different coefficients of similarity, generates groups with minimal distortion and was widely tested for RAPD markers (Romesburg, 2004) . The consensus phenogram was obtained from the bootstrap with 1,000 repetitions.
Results and Discussion
Ten of the 24 primers tested could amplify spotted paca DNA (41.7%). This percentage was similar to that reported by Godoy et al. (2005) in ostriches, where they could select 38.9% of the primers according to the quality of the bands they produced. This result was lower than that obtained with water buffaloes (Albuquerque et al., 2006) , wild boars and pigs (Gimenez et al., 2003) , where 52.4 and 70.1% of the primers resulted in polymorphic fragments. This percentage was higher than that obtained in sheep, where 13.6% of the primers were functional (Paiva et al., 2005) .
The 10 selected primers generated 105 bands, of which 60 were clearly polymorphic, from 298 to 2036 base pairs (pb). The average of 6.0 polymorphic bands for any amplifying primer is higher than the 3.0 obtained by Bouzat (2001) in great rhea; the 4.6 obtained by Albuquerque et al. (2006) in water buffaloes. It was similar to the 5.5 bands obtained by Serrano et al. (2004) in cattle and to the 5.8 obtained by Prim et al. (2003) in bullfrogs and was equal to that found by Godoy et al. (2005) in ostriches. The number of bands/primer was different from those found by Spritze et al. (2003) in Crioulo cattle; from Paiva et al. (2005) , who found 2.8 bands/primer in Brazilian sheep and Gimenez et al. (2003) , who find the highest number of bands/primer: 10.7 in wild boars, pigs and their hybrids and from Leipoldt et al. (1996) , who found 22.5 bands/primer in lemurs.
The spotted pacas from the SF breeding farm generated two specific bands compared to those from the CS breeding farm. The CS breeding animals generated one specific band compared to the other two breeding farms and the spotted pacas from CG did not generate any specific band compared to the others breeding farms. These bands showed the difference among the analyzed populations and may be used to include or exclude specific specimens in one or the other population.
The genetic variability (Miller, 1997) within farm (Table 1) show that the animals from SF had the lowest genetic variability (GV) and the lowest percentage of polymorphic loci (P) among the three breeding farms. This higher homogeneity in the SF breeding farm may be linked to the small population size, where all the animals were tested. The results show that breeding farms with 50 to 60 animals (CG and CS) have higher genetic diversity than those with only a dozen animals that come from a small number of founding parents, as is the case of the SF breeding farm. Bowland et al. (2001) found, using RAPD markers, that intragroup genetic variability in free living zebras decreased according to population size. Leipoldt et al. (1996) used RAPD markers and found no effect of population size on the genetic variability of Madagascar lemur populations. The analyzed zebra populations varied
Municipality
Sample size Genetic diversity Polymorphic ( n ) loci (%) P Miller (1997) from 9 to 2,000 specimens. The lemur populations varied from 6-110 to 60,000 individuals. In the analysis of molecular variance (AMOVA), 12.55% (p<0.0001) of the whole variance was linked to differences among breeding farms and 87.45% (p<0.0001) of the whole variance was linked to variance within any single breeding farm.
The higher variability among individuals within the populations rather than among populations, agrees with the results reported by Bouzat (2001) in great rhea, Prim et al. (2003) in bullfrogs, Spritze et al. (2003) and Serrano et al. (2003) in naturalized Brazilian cattle, Paiva et al. (2005) in sheep, Albuquerque et al. (2006) in water buffaloes and Godoy et al. (2006) in ostriches.
The principal components analysis (APC), obtained from the Jaccard similarity coefficient among couples of individuals (Figure 1) , showed that the groups were well defined in the different breeding farms, with the exception of a few specimens. The first principal component showed the separation between CG and SF and the second showed the separation among SF and CS. A closer relationship was also evident between the animals of CG and SF than to those of CS, with the exception of one animal. Based on these results, it can be said that the genetic groups were separated from each other.
When the breeding farms were compared, the shortest Nei genetic distance (1973) was 0.11766 (p<0.00001) among the animals from CG and SF. This finding may be linked to the exchange of reproducers that occurs between this two breeding farms, that are a short distance apart (Table 2) .
These results show the importance of exchanging reproducers among a higher number of breeding farms and the importance of the possibility of wild animal capture, authorized by IBAMA, in order to preserve the genetic variety within the breeding farms. The capture of wild animals is allowed by the 6 th paragraph, 11 th chapter of the IBAMA 118/1997 regulations. As there is no analysis of the population density of free living animals, this activity was not authorized, even before the IBAMA rule 169/2008, that does not mention the subject.
The phenogram shows the grouping of Carangola and São Francisco da Glória as the most similar populations and Castelo as different from those and placed on a different branch (Figure 2 ). This result confirms that obtained by the PCA (Figure 1 ) and definitively confirms that the Carangola and São Francisco da Glória populations are more similar. It is consistent with the geographic proximity of the breeding farms and with the exchange of reproducers between these two breeding farms.
We suggest that more studies are carried out, using codominant markers and that more diverse populations are studied. 
Conclusions
The RAPD molecular marker technique served to quantify the among and within genetic variability in spotted paca populations. The populations of the three breeding farms described in this study were separated. The genetic variability inside the spotted paca breeding farms seemed to be influenced by the breeding size, suggesting the importance of the periodic substitution of the captive males. 
